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(57) ABSTRACT

A circuit board assembly includes a first circuit board, and a
second circuit board, a first optical transceiver, a number of
first light wave guides, a second optical transceiver, and a
number of second light wave guides. The first circuit board
defines a number of first through holes. The second circuit
board defines a number of second and third through holes.
Each of the third through holes 1s aligned with a respective
first though hole. The first optical transceiver 1s optically
coupled with the second through holes. The first light wave
guides are mounted on one surface of the first circuit board
and optically coupled with the second through holes. The
second optical transcerver 1s optically coupled with the third
through holes. The second light wave guides are mounted on
another surface of the first circuit board and are optically
coupled with the first through holes.

15 Claims, 3 Drawing Sheets

ce3
c01

-I__I- 20

A0 2
A S

207  4Q

50 103

[/

104

102



U.S. Patent May 13, 2014 Sheet 1 of 3 US 8,724,940 B2

100
\‘

20 10

30

IIT i _ i _ S TII

1] / / \ i
// ' / \\ \

cll 213 214 ¢2l2 222 224 223 <22l

Y Y

| cc

- 1G]



U.S. Patent May 13, 2014 Sheet 2 of 3 US 8,724,940 B2

100
\

S5073 818 cle 222 204

221
1 |\ Lo
1 S~ 20

‘_[.)’.I.P 5
-_ .

)
726 N\

207 40 50 103 104

- 1G, 2



U.S. Patent May 13, 2014 Sheet 3 of 3 US 8,724,940 B2

=13 ) ) [ 88201

120

(OO0 =2
I \ 10
-” )

102
207 40 50 103 104

- 1G. 3



US 8,724,940 B2

1

CIRCUIT BOARD ASSEMBLY HAVING
OPTICAL TRANSCEIVERS FOR SIGNAL
TRANSMISSION

BACKGROUND

1. Technical Field

The present disclosure relates to circuit board assemblies
and, particularly, to a circuit board assembly having optical
transceivers for signal transmission.

2. Description of Related Art

A typical circuit board assembly includes a first circuit
board, a second circuit board, and at least one optical trans-
ceiver. The second circuit board 1s mounted on a top surface
of the first circuit board and electrically connected to the first
circuit board. The optical transceiver 1s mounted on the sec-
ond circuit board away from the top surface for sending or
receiving light signals. The second circuit board defines a
number of through holes for the light signals to pass through.
A number of light wave guides are formed on the top surtace
and optically coupled with the through holes for transmitting
the light signals. However, the top surface also carries various
clectric circuits and various electric elements are mounted
thereon. Therefore, the design of an efficient layout of the top
surface becomes very diflicult.

Therefore, it 1s desirable to provide a circuit board assem-
bly, which can overcome the above-mentioned problems.

BRIEF DESCRIPTION OF THE DRAWINGS

Many aspects of the present disclosure can be better under-
stood with reference to the drawings. The components 1n the
drawings are not necessarily drawn to scale, the emphasis
instead being placed upon clearly i1llustrating the principles of
the present disclosure. Moreover, 1n the drawings, like refer-
ence numerals designate corresponding parts throughout the
VIEWS.

FIG. 1 1s a partially assembled view of a circuit board
assembly according to an embodiment, which 1s viewed from
a top plan.

FI1G. 2 1s a cross-sectional schematic view taken along line
[I-II of FIG. 1.

FI1G. 3 15 a cross-sectional schematic view taken along line
III-1IT of FIG. 1.

DETAILED DESCRIPTION

Embodiments of the present disclosure will be described
with reference to the drawings.

FIGS. 1to 3 illustrate a circuit board assembly 100 accord-
ing to an embodiment. The circuit board assembly 100
includes a first circuit board 10, a second circuit board 20, a
first optical transcerver 21, a second optical transcerver 22, a
number of first light wave guides 30, and a number of second
light wave guides 40.

The first circuit board 10 can be a grid-printed circuit board
or a flexible printed circuit board. In the embodiment, the first
circuit board 10 1s a grid-printed circuit board. The first circuit
board 10 includes a top surface 101 and a bottom surface 102
opposite to the top surface 101. The first circuit board 10
defines a number of first through holes 103 perpendicularly
passing through the top surface 101 and the bottom surface
102. In the embodiment, the first circuit board 10 defines two
first through holes 103.

The second circuit board 20 1s a low-temperature co-fired
ceramic (LTCC) substrate and includes an upper surface 201,
a lower surtace 202 opposite to the upper surface 201, and a
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ball grid array (BGA) 50 mounted on the lower surface 202.
The second circuit board 20 1s soldered to the top surface 101
and electrically connected to the first circuit board 10 through
the BGA 50. The lower surface 202 faces the top surface 101.
The second circuit board 20 defines a number of second
through holes 203 and a number of third through holes 204
perpendicularly passing through the upper surtace 201 and
the lower surface 202. In the embodiment, there are two
second through holes 203 and two third through holes 204. A
diameter of each third passing hole 204 corresponds to a
diameter of each first through hole 103. Each third passing
hole 204 1s aligned with a respective one of the first through
holes 103.

The first optical transceiver 21 1s mounted on the upper
surface 201 adjacent to the second through holes 203. The
first optical transceiver 21 includes a first laser diode 211, a
first laser driver 212 electrically connected to the first laser
diode 211, a first photo diode 213, and a first controller 214
clectrically connected to the first photo diode 213. The first
laser diode 211 1s aligned with one of the second through
holes 203 for sending light signals through the second
through hole 203. The first photo diode 213 1s aligned with the
other second through hole 203 for receiving light signals
through the other second through hole 203.

The second optical transcerver 22 1s mounted on the upper
surface 201 adjacent to the third through holes 204. The
second optical transceiver 22 includes a second laser diode
221, a second laser driver 222 electrically connected to the
second laser diode 221, a second photo diode 223, and a
second controller 224 electrically connected to the second
photo diode 223. The second laser diode 221 1s aligned with
one of the third through holes 204 for sending light signals
through the third through hole 204. The second photo diode
223 15 aligned with the other thurd through hole 204 for
receiving light signals through the other third hole 204.

The first light wave guides 30 are directly positioned on the
top surface 101 by a planar light wave guide circuit (PLC)
technology. In the embodiment, there are two first wave light
guides 30. One end of each first light wave guide 30 1s adja-
cent to one of the second through holes 203. The circuit board
assembly 20 further includes two first reflecting elements 207
mounted on the top surface 101 of the first circuit board 10.
One of the first retlecting elements 207 1s aligned with one of
the second through holes 203 and positioned 1n a light path
between the firstlaser diode 211 and one of the first light wave
guides 30. The other first retlecting element 207 1s aligned
with the other second through hole 203 and positioned 1n a
light path between the first photo diode 213 and the other first
light wave guide 30.

The circuit board assembly 100 further includes a number
of first converging lenses 205 positioned between the second
through holes 203 and the first reflecting elements 207. In the
embodiment, there are four first converging lenses 203. Two
of the first converging lenses 205 are fixed to the lower surface
202 and each 1s aligned with a respective second through hole
203. The other two first converging lenses 2035 are fixed to the
first reflecting elements 207 and the ends of the first light
wave guides 30 and each 1s aligned with a respective second
through hole 203.

The second light wave guides 40 are directly positioned on
the bottom surface 102 by means of the PLC technology. In
the embodiment, there are two second wave light guides 40.
One end of each second light wave guide 40 1s adjacent to one
of the third through holes 204. The circuit board assembly
100 further includes two second reflecting elements 104
mounted on the bottom surface 102. One of the second
reflecting elements 104 1s aligned with one of the first through
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holes 103 and positioned 1n a light path between the second
laser diode 221 and one of the second light wave guides 40.
The other second reflecting element 104 1s aligned with the
other first through hole 103 and positioned 1n a light path
between the second photo diode 223 and the other second
light wave guide 40.

The circuit board assembly 100 further includes a number
of second converging lenses 206 positioned between the third
through holes 204 and the first through holes 103. In the
embodiment, there are four second converging lenses 206.
Two of the second converging lenses 206 are fixed to the
lower surface 202 and each 1s aligned with a respective third
through hole 204. The other two second converging lenses
206 are fixed to the top surface 101 and each 1s aligned with
a respective first through hole 103 and a respective third
through hole 204.

When the first optical transcerver 21 sends light signals, the
first laser driver 213 drives the first laser diode 211 to emut
light signals. The light signals pass through a second through
hole 203, through two of the first converging lenses 205
aligned with the second through hole 203, and are then
reflected by one of the first reflecting elements 207 and guided
into a respective first light wave guide 30. Then the lights
signals are transmitted by the first light wave guide 30. When
the first optical transcerver 21 recerves light signals, light
signals come through the other first light wave guide 30 and
are projected onto the other first reflecting member 207 and
reflected by the first reflecting member 207. Then the light
signals pass through the other two of the first converging
lenses 205 aligned with the other second through hole 203,
and then pass through the other second through hole 203. The
light signals are finally received by the first photo diode 213
and converted to electric signals by first photo diode 213. The
first controller 214 processes the first electric signals.

When the second optical transceiver 22 sends light signals,
the second laser driver 223 drives the second laser diode 221
to emit light signals. The light signals pass through a third
through hole 204, through two of the second converging
lenses 206 aligned with the third through hole 204, a first
through hole 103, and are then reflected by one of the second
reflecting elements 104 and guided into a second light wave
guide 40. Then the lights signals are transmitted by the second
light wave guide 40. When the second optical transceiver 22
receives light signals, lights signals come through the other
second light wave guide 40 and are projected onto the other
second reflecting member 104 and then reflected by the other
second reflecting member 104. Then the light signals pass
through the other first through hole 103, through the other two
of the second converging lenses 205 aligned with the other
third through hole 204, and then through the other third
through hole 204. Finally, the light signals are recerved by the
second photo diode 223 and converted to electric signals by
the second photo diode 213. The second controller 224 pro-
cesses the second electric signals.

It will be understood that the above particular embodi-
ments are shown and described by way of illustration only.
The principles and the features of the present disclosure may
be employed 1n various and numerous embodiment thereof
without departing from the scope of the disclosure as claimed.
The above-described embodiments illustrate the possible
scope of the disclosure but do not restrict the scope of the
disclosure.

What 1s claimed 1s:

1. A circuit board assembly, comprising:
a first circuit board comprising a top surface and a bottom
surface opposite to the top surface, the first circuit board
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4

defining a number of first through holes passing through
the top surface and the bottom surface;

a second circuit board electrically connected to the top
surface, the second circuit board comprising an upper
surface and a lower surface, the lower surface opposite
to the upper surface and facing the top surface, the sec-
ond circuit board defining a number of second through
holes and third through holes passing through the upper
surface and the lower surface, each third through hole
being aligned with a respect one of the first though holes;

a {irst optical transceiver mounted on the upper surface and
optically coupled with second through holes;

a number of first light wave guides mounted on the top
surface and optically coupled with second through holes
for transmitting light signals for the first optical trans-
celver;

a second optical transceiver mounted on the upper surface
and optically coupled with third through holes; and

a number of second light wave guides mounted on the
bottom surface and optically coupled with first through
holes for transmitting light signals for the second optical
transceiver.

2. The circuit board assembly of claim 1, wherein the first
optical transceiver comprises a firs laser diode and a first
photo diode; the number of the second through holes 1s two,
the first laser diode 1s aligned with one of the second through
holes, and the first photo diode 1s aligned with the other
second through hole.

3. The circuit board assembly of claim 2, wherein the
number of the first light wave guides 1s two, each first light
wave guide 1s optically coupled with a respect one of the
second through holes.

4. The circuit board assembly of claim 3, wherein the
circuit board assembly comprises two first retlecting ele-
ments mounted on the top surface, one of the first retlecting
clements 1s aligned with one of the second through holes and
positioned 1n a light path between the first laser diode and one
ol the first light wave guides; the other first reflecting element
1s aligned with the other second through hole and positioned
in a light path between the first photo diode and the other first
light wave guide.

5. The circuit board assembly of claim 1, wherein the
second optical transceiver comprises a second laser diode and
a second photo diode; the number of the third through holes 1s
two, and the number of the first through holes 1s two; the

second laser diode 1s aligned with one of the third through
holes, and the second photo diode 1s aligned with the other
third through hole.

6. The circuit board assembly of claim 5, wherein the
number of the second light wave guides 1s two, each second
light wave guide 1s optically coupled with a respect one of the
first through holes.

7. The circuit board assembly of claim 6, wherein the
circuit board assembly comprises two second reflecting ele-
ments mounted on the bottom surface of the first circuit
board; one of the second reflecting elements 1s aligned with
one of the first through holes and positioned 1n a light path
between the second laser diode and one of the second light
wave guides; the other second reflecting element 1s aligned
with the other first through hole and positioned 1n a light path
between the second photo diode and the other second light
wave guide.

8. The circuit board assembly of claim 1, wherein the first
light wave guides and the second light wave guides are
formed by a planar light wave guide circuit technology.
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9. The circuit board assembly of claim 1, wherein the
second circuit board 1s a low-temperature co-fired ceramic
substrate.

10. The circuit board assembly of claim 1, wherein the
second circuit board comprises a ball grid array, the second
circuit board 1s soldered to the top surface through the ball
orid array.

11. A circuit board assembly, comprising:

a first circuit board comprising a top surface and a bottom
surface opposite to the top surface, the first circuit board
defining a number of first through holes passing thought
the top surface and the bottom surface;

a second circuit board electrically connected to the first
circuit board and comprising an upper surface and a
lower surface, the lower surface opposite to the upper
surface and facing the top surface, the second circuit
board defiming a number of second through holes and
third through holes passing thought the upper surface
and the lower surface, each third through hole being
aligned with a respect one of the first though holes;

a number of first light wave guides mounted on the top
surface and optically coupled with second through
holes:

a number of second light wave guides mounted on the
bottom surface and optically coupled with first through
holes;

a first optical transceiver mounted on the upper surface and
optically coupled with second through holes, the first
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optical transceiver sending and receiving light signals
through the second through holes and the first light wave
guides; and

a second optical transceiver mounted on the upper surface

and optically coupled with third through holes, the sec-
ond optical transceiver sending and receiving light sig-
nals through the third through holes, the first through
holes, and the second light wave guides.

12. The circuit board assembly of claim 11, wherein the
first optical transceiver comprises a first laser diode and a first
photo diode; the number of the second through holes 1s two,
the first laser diode 1s aligned with one of the second through
holes, and the first photo diode 1s aligned with the other
second through hole.

13. The circuit board assembly of claim 12, wherein the
number of the first light wave guides 1s two, each first light
wave guide 1s optically coupled with a corresponding one of
the second through holes.

14. The circuit board assembly of claim 11, wherein the
second optical transcerver comprises a second laser diode and
a second photo diode; the number of the third through holes 1s
two, and the number of the first through hole 1s two; the
second laser diode 1s aligned with one of the third through
holes, and the second photo diode 1s aligned with the other
third through hole.

15. The circuit board assembly of claim 14, wherein the
number of the second light wave guides 1s two, each second

light wave guides 1s optically coupled with a corresponding
one of the first through holes.
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